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Monterpenes	
  

Sources	
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Glyoxal	
  absorp7on	
  is	
  at	
  least	
  an	
  order	
  of	
  magnitude	
  lower	
  than	
  interfering	
  species	
  

τ ∼ O(10-­‐2)	
  

τ ∼ O(10-­‐3)	
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Specific	
  Issues	
  ResulBng	
  from	
  Weak	
  Glyoxal	
  
AbsorpBon	
  

OSSE	
  Column	
  Error	
  

Problem:	
  Reduced	
  retrieval	
  sensiBvity	
  due	
  
to	
  strong	
  liquid	
  water	
  absorpBon	
  
	
  Use	
  pre-­‐fiTed	
  liquid	
  water	
  opBcal	
  depths	
  	
  

Problem:	
  Interference	
  associated	
  with	
  
cross	
  secBon	
  temperature	
  dependence	
  
	
  Include	
  two	
  NO2	
  cross	
  secBons	
  in	
  
spectrum	
  fit	
  

Problem:	
  Interference	
  associated	
  with	
  cross	
  
secBon	
  uncertainty	
  
	
  Propagate	
  cross	
  secBon	
  uncertainBes	
  to	
  
esBmate	
  errors	
  

Lerot	
  et	
  al.	
  (2010)	
  

(Alvarado	
  et	
  al.	
  2014)	
  

Error	
  
Propaga7on	
  

H2O	
  SCD	
   Glyoxal	
  Error	
  



The	
  PosiBon	
  of	
  the	
  Fit	
  Window	
  is	
  a	
  Major	
  
Cause	
  of	
  Discrepancy	
  Between	
  Algorithms	
  

Appropriate	
  fit	
  window	
  choice	
  can	
  be	
  made	
  by	
  systema7cally	
  varying	
  upper	
  and	
  lower	
  
window	
  limits	
  

OMI	
  Glyoxal	
  Column	
  Retrieved	
  with	
  Different	
  Windows	
  -­‐	
  July	
  2006	
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432-­‐468nm	
  (Kuruso	
  et	
  al.	
  2006)	
  435-­‐460nm	
  (Lerot	
  et	
  al.	
  2010)	
  



TesBng	
  Retrieval	
  Window	
  SensiBvity	
  with	
  
Observing	
  System	
  SimulaBon	
  Experiments	
  	
  



The	
  SensiBvity	
  of	
  the	
  Retrieval	
  to	
  Window	
  
PosiBon	
  for	
  the	
  OSSE	
  is	
  Weak	
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1014	
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  cm-­‐2	
  

Systema7c	
  bias	
  is	
  small	
  	
  (<	
  1014	
  molecules	
  cm-­‐2)	
  for	
  most	
  windows	
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OMI	
  Comparison	
  with	
  Lerot	
  et	
  al.	
  GOME-­‐2	
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GOME-­‐2	
  observa7ons	
  are	
  systema7cally	
  higher	
  than	
  the	
  OMI	
  product	
  



The	
  OMI	
  Retrieval	
  is	
  Consistent	
  with	
  Surface	
  
ObservaBons	
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Inversion	
  of	
  SCIAMACHY	
  Glyoxal	
  

GEOS-­‐Chem	
  vs	
  Meas.	
  (Surface)	
  

Land	
  
Ocean	
  
Free	
  Trop.	
  

Current	
  genera7on	
  CTMs	
  are	
  not	
  
biased	
  low	
  rela7ve	
  to	
  exis7ng	
  
surface	
  glyoxal	
  observa7ons	
  	
  
(Fu	
  et	
  al.	
  2008)	
  

This	
  is	
  at	
  odds	
  with	
  the	
  satellite	
  
measurements	
  (require	
  doubling	
  
a-­‐priori	
  to	
  match	
  observa7on)	
  	
  
(Stavrakou	
  et	
  al.	
  2009)	
  



Glyoxal	
  Columns	
  in	
  GOME-­‐2	
  are	
  Highly	
  Correlated	
  with	
  
Water	
  Vapor	
  Column	
  DensiBes	
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Wang	
  et	
  al	
  (2014)	
  

MODIS	
  Water	
  Vapor	
  Columns	
  (July	
  2006)	
  

Differences	
  may	
  be	
  related	
  to	
  HITRAN	
  version	
  
(2005	
  vs	
  2008)	
  and	
  Cross	
  Sec7on	
  Temperature	
  



Indirect	
  Retrieval	
  ValidaBon	
  through	
  HCHO-­‐
Glyoxal	
  CorrelaBons	
  

• 	
  HCHO	
  and	
  Glyoxal	
  are	
  both	
  first	
  generaBon	
  products	
  from	
  isoprene	
  
under	
  high	
  NOx	
  condiBons	
  
• 	
  The	
  slope	
  of	
  their	
  correlaBon	
  is	
  indicaBve	
  of	
  their	
  relaBve	
  yields	
  

Emission	
  

Isoprene	
  

OH,	
  O2	
   Isoprene	
  
Peroxy	
  	
  
Radical	
  

NO	
  

HO2	
  

Isom.	
  

Isoprene	
  Peroxide	
  (Stable)	
  

HPALD	
   ???	
  

…	
  +	
  YG*Glyoxal	
  +YH*HCHO+…	
  	
  
YG	
  =	
  Glyoxal	
  Yield	
  
YH	
  =	
  HCHO	
  Yield	
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The	
  High	
  NOx	
  (NO)	
  
pathway	
  is	
  the	
  dominant	
  
fate	
  of	
  the	
  isoprene	
  
peroxy	
  radical	
  in	
  Summer	
  



HCHO-­‐Glyoxal	
  CorrelaBons	
  Over	
  the	
  SE	
  United	
  
States	
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OMI	
  suggests	
  
a	
  higher	
  
relaBve	
  yield	
  
to	
  GEOS-­‐
Chem	
  

Agreement	
  
with	
  model	
  is	
  
beTer	
  at	
  
surface	
  

Kaiser	
  et	
  al.	
  (Unpublished	
  Data)	
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Glyoxal	
  Over	
  the	
  South	
  East	
  US	
  	
  
“Isoprene	
  Fountain”	
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Glyoxal	
   HCHO	
  

OMI	
  VCD	
  (Summer	
  2007)	
  

The	
  spaBal	
  distribuBon	
  of	
  glyoxal	
  
over	
  the	
  South	
  East	
  United	
  States	
  is	
  
more	
  heterogenous	
  than	
  what	
  
should	
  be	
  expected	
  from	
  
concurrent	
  HCHO	
  observaBons	
  	
  

molecules	
  cm-­‐2	
  molecules	
  cm-­‐2	
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  (Unpublished	
  Data)	
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Glyoxal	
  Over	
  the	
  South	
  East	
  US	
  	
  
“Isoprene	
  Fountain”	
  

Glyoxal	
   Glyoxal(2006)	
  

OMI	
  VCD	
  (Summer	
  2007)	
  

Similar	
  glyoxal	
  distribuBon	
  for	
  2006	
  	
  
evidence	
  the	
  heterogeneity	
  is	
  not	
  
from	
  noise	
  

The	
  glyoxal	
  “hole”	
  over	
  the	
  Ozarks	
  is	
  
also	
  present	
  in	
  SENEX	
  aircrae	
  data	
  

molecules	
  cm-­‐2	
  molecules	
  cm-­‐2	
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Ozarks	
  

GLYOXAL	
   HCHO	
  

pptv	
   ppbv	
  
Washenfelder	
  et	
  al.	
  (Unpublished	
  Data)	
  

Ozarks	
  



Possible	
  Evidence	
  for	
  Acid	
  Catalysed	
  Aerosol	
  
Uptake?	
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Neutralised	
  Aerosol	
  Frac7on:	
  

<	
  1.0	
  implies	
  aerosol	
  is	
  acidic	
  

SENEX	
  Neutralised	
  Frac7on	
  

Observed	
  Glyoxal-­‐HCHO	
  Correla7on	
  

Glyoxal:HCHO	
  decreases	
  with	
  increasing	
  
aerosol	
  acidity	
  which	
  may	
  suggest	
  acid	
  
mediated	
  uptake	
  e.g.	
  Liggio	
  et	
  al.	
  (2005)	
  

(Points	
  color	
  coded	
  by	
  neutralised	
  fracBon)	
  



Elevated	
  Glyoxal	
  Levels	
  Observed	
  Over	
  the	
  
Pearl	
  River	
  Delta	
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Grid	
  by	
  
wind	
  
direc7on	
  

AromaBcs	
  dominate	
  VOC	
  sources	
  over	
  the	
  PRD	
  due	
  to	
  large	
  emissions	
  from	
  transport,	
  
solvent	
  use	
  and	
  paint	
  fumes	
  (Zheng	
  et	
  al.	
  2009)	
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Elevated	
  Glyoxal	
  Levels	
  Observed	
  Over	
  the	
  
Pearl	
  River	
  Delta	
  

WIND	
  

The	
  observed	
  plume	
  decay	
  is	
  consistent	
  with	
  
a	
  combined	
  Benzene/Toluene/Xylene	
  source	
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Thank	
  you!	
  



Supplementary	
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  Water	
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  to	
  window	
  posiBon	
  

24	
  

Mean	
  Saharan	
  H2O(l)	
  Op7cal	
  Depth	
  (460nm)	
  Lower	
  Window	
  Limit	
   Upper	
  Window	
  Limit	
  

Sand	
  Absorp7on	
  
Spectrum	
  

Richter	
  et	
  al.	
  (2011)	
  

NegaBve	
  values	
  over	
  sandy	
  surfaces	
  may	
  be	
  
due	
  to	
  sand	
  spectrum	
  
=>	
  New	
  retrieval	
  window	
  405-­‐470	
  nm	
  

OMI	
  
Window	
  

Current	
  
Window	
  



Impact	
  of	
  Solar	
  Noise	
  on	
  Simulated	
  Spectra	
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• 	
  Solar	
  spectra	
  with	
  3000	
  SNR	
  
introduce	
  O(1015)	
  molecules	
  
cm-­‐2	
  offsets	
  
• 	
  Sahara	
  is	
  a	
  good	
  choice	
  
determining	
  offsets	
  (	
  glyoxal	
  <	
  
1.5x1013	
  molecules	
  cm-­‐2)	
  
• 	
  Offsets	
  in	
  simulaBon	
  are	
  
constant	
  with	
  laBtude	
  =>	
  
Offsets	
  determined	
  in	
  Saharan	
  
reference	
  sector	
  can	
  apply	
  
globally	
  	
  	
  



Observed	
  Stripe	
  Offsets	
  

26	
  

• 	
  Similar	
  offset	
  magnitude	
  observed	
  in	
  real	
  spectra	
  
• 	
  Applied	
  offset	
  correcBon	
  works	
  for	
  orbits	
  outside	
  Saharan	
  reference	
  sector	
  

Offsets	
  determined	
  through	
  5	
  day	
  
moving	
  average	
  


